Abstract. The present study was designed to evaluate the effect of bioactive hepatic peptide (BHP) on the immune function of mice and to examine the mechanism mediated by the related factors cytokine suppressor of cytokine signaling 1 (SOCS1) and microRNA (miR)-155. The mice were divided into eight groups, including a normal mouse group, normal peptide groups (low-dose, mid-dose and high-dose), an immunosuppressed group, and immunosuppressed with peptide groups (low-dose, mid-dose and high-dose). The proliferative ability of splenic lymphocytes was determined in vitro using a Cell Counting kit-8 assay. Wright's staining was used to assess the phagocytic function of macrophages. Histological changes in the spleen were evaluated by hematoxylin-eosin staining. The relevant factors SOCS1/miR-155 were assessed by immunohistochemistry and reverse transcription fluorescence-quantitative polymerase chain reaction analysis. The levels of the cytokines TGF-β1, IL-10 and IL-17A were determined by enzyme-linked immunosorbent assay. First, the organ index, percentage of lymphocytes, phagocytosis experiments and splenic lymphocyte proliferation test results revealed that the immunodeficient mouse model had been successfully established. Second, compared with the control mice, the normal peptide group mice exhibited increased spleen and thymus indices, percentages of lymphocyte subsets, macrophage phagocytosis percentages, phagocytic indices, splenic lymphocyte proliferation and expression of miR-155; however, the expression of SOCS1 was decreased in the normal peptide groups to varying extents. In addition, the expression of SOCS1 was upregulated, whereas that of miR-155 was downregulated in the immunosuppressed group. Compared with the mice in the immunosuppressed group, the mice in the immunosuppressed with peptide groups had increased spleen and thymus indices, percentages of lymphocyte subsets, macrophage phagocytosis percentages, phagocytic indices, splenic lymphocyte proliferation and expression of miR-155; however, the expression of SOCS1 was decreased in the immunosuppressed with peptide groups to varying extents. Following treatment with BHP, the secretion of TGF-β1 in the spleen of the normal mice and immunosuppressed mice was significantly decreased, and the secretion of IL-10 was significantly increased. No significant difference in the expression of IL-17A was observed among the groups. In summary, BHP improved the immune function of the normal mice and immunosuppressed mice. This data provides a scientific basis for the development of bioactive peptide health products.
Introduction
MicroRNAs (miRNAs) are a recently identified group of small, single-stranded RNAs that do not encode proteins. The roles of miRNAs in the immune system have been investigated extensively. They are not only involved in innate immunity but also regulate adaptive immunity (1) . Our previous study revealed that active peptides can perform biological functions by targeting certain miRNAs (2, 3) . Therefore, it has been suggested that inhibiting or restoring the function of a miRNA can provide a therapeutic benefit in certain diseases (4, 5) . However, this process requires an efficient and nontoxic miRNA delivery system. It has been reported that active peptides may also act as a delivery vector for miRNAs (6) . In summary, in addition to targeting miRNAs, active peptides are also involved in the delivery of miRNAs, which are promising functional molecules. miRNA (miR)-155 was among the first miRNAs linked to immunity by virtue of its potent expression upregulation in multiple immune cell lineages, including T lymphocytes, B lymphocytes, macrophages and dendritic cells (7) . In addition to the involvement of miR-155 in T lymphocyte activation, miR-155 can also be involved in T cell development, differentiation and responses (8, 9) . Studies have shown that, in a miR-155-knockout mouse model,
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CAIXIA CHEN 1 , XIULAN SU 1* and ZHIWEI HU T cell-dependent antibody responses and cytokine production are reduced (10) . In addition to being involved in T cell-related reactions, miR-155 is also involved in B lymphocyte-related reactions. Studies have shown that the high expression of the transcription factor PU.1 leads to B cell dysfunction, including loss of the production of IgG1 antibodies, TNF-α and lymphotoxin-α/β in miR-155-knockout animals (11) . A high expression of miR-155 in T and B lymphocytes can mediate specific immunity and regulate the lymphocyte transcriptome and other biological functions, but can also mediate natural killer (NK) cell-associated nonspecific immunity (12) . NK cells are a type of innate immune lymphocyte with anti-infection and antitumor effects (13) . The molecular mechanism underlying NK cell activation remains to be fully elucidated. Following activation by cytokines, human and mouse NK cells significantly upregulate the expression of miR-155 (14) . The mechanism by which miR-155 is regulated during NK cell activation is complex. miR-155 can set the threshold of activation and the degree of activation in mature NK cells, and it can be used as a dynamic regulator to regulate the activation of NK cells (14) . A wide variety of immunologically relevant target genes of miR-155 have been reported, and among these genes, suppressor of cytokine signaling 1 (SOCS1) can be targeted directly by miR-155 (15) . SOCS is a type of inducible intra- (15) . SOCS is a type of inducible intra- (15) . SOCS is a type of inducible intracellular protein that serves important roles in immune and nonimmune functions. The SOCS family is now known to have eight member proteins, and SOCS1 and SOCS3 synergistically regulate the differentiation and response of T cells in the immune system (16) . Whole lymphocyte transcrip- (16) . Whole lymphocyte transcrip- (16) . Whole lymphocyte transcriptome analysis has revealed that miRNAs serve a key role in lymphocyte subsets, including B lymphocytes and CD8 + and CD4 + T cells [including T helper (Th)1, Th2, Th17 cells and regulatory T (Treg) cells] (17) . Th17 cells can secrete IL-17A to promote inflammation, and Treg cells can secrete IL-10 and TGF-β1 to inhibit inflammation. Studies have shown that miR-155-knockout Treg cells cause increased expression of SOCS1. Researchers have speculated that miR-155 can promote the differentiation of Treg/Th17 cells by directly inhibiting SOCS1 and enhance the function of Th17 cells, which may be involved in the regulation of inflammatory diseases, at least partially through the regulation of SOCS1 (18, 19) . The present study aimed to verify this hypothesis.
Bioactive peptides are a group of the most popular polypeptide proteins in current food research. They are peptide compounds that are beneficial to the life activities of living organisms or have physiological functions (20) . These peptides are composed of several or tens of amino acids and are arranged in different ways. Their molecular weights are <6,000 kDa, and these polypeptides have several biological functions, including hormonal effects, immune regulation, and antithrombotic, antihypertensive, cholesterol-lowering, antibacterial, antiviral and anticancer effects (21) . Studies have confirmed that bioactive peptides are absorbed and utilized more readily than free amino acids (22) . Modern biometabolism studies have found that the proteins ingested by humans are digested by various enzymes in the digestive tract; these digested proteins are not absorbed in the form of amino acids as previously suggested, but are absorbed more directly in the form of small peptides (composed of 2-15 amino acid residues), and dipeptides (composed of two amino acid residues) and tripeptides (composed of three amino acid residues) are absorbed more quickly than amino acids of the same composition (23) . Bioactive peptides from animal and plant species are widely distributed. The active peptides used in the present study were derived from the liver of healthy goats. The peptides were prepared by Professor Su's research group at Inner Mongolia Medical University (Hohhot, China) using a bioengineering method. The extraction method has been established successfully, and the quality is controllable (24) . Our previous studies have shown that these peptides can inhibit cancer cell growth, enhance cancer cell sensitivity to chemotherapeutic drugs and reduce toxic side effects on normal cells (2, 3) .
The present study aimed to evaluate the effects of bioactive hepatic peptide (BHP) on the immune function of healthy mice and immunosuppressed mice and examine whether changes in the expression of SOCS1/miR-155 mediate the effects of BHP on mouse immune function. The results may provide a theoretical basis for the development of new health products.
Materials and methods

Preparation of BHP.
Under relatively sterile conditions, the liver of two Boer goats (2-year-old females; Mengyang Animal Husbandry Co., Ltd.) was obtained and rapidly pulverized. The Boer goats were housed at 22-24˚C, with humidity at 45-50%, good ventilation, and a natural light/dark cycle. The goats were given sufficient water four times a day and were fed four times a day (8:30 am, 12:30 am, 4:30 pm and 8:30 pm) with crude feed 1-1.25 kg/goat per day and fine feed 0.25 kg/goat. The mixture was homogenized with physiological saline at a ratio of 0.5-2 g/4 ml, frozen and thawed under low temperature conditions (-80˚C) three times, filtered, centrifuged (14,000 x g, 4˚C, 20 min), ultrafiltered and sterilized. The final filtrate was a pale yellow liquid, which was referred to as BHP solution. According to SDS-PAGE analysis, the molecular weight of the BHP was ~8,000 kDa (25) . In addition, the concentration of the BHP solution was 42 mg/ml. A BCA kit (Bradford) was used to determine the concentration of BHP at 450 nm on an enzyme label instrument. Cy low-dose peptide group (40 mg/kg Cy; 25 mg/kg BHP; Cy + LBHP), and a control group (intraperitoneal injection of the same volume of saline daily; Con). The mice in the immunosuppressed Cy combined with peptide groups were intraperitoneally injected with Cy three times (every other day) in advance. On day 4, the remaining mice were administered with the appropriate dose of BHP twice daily, and the mice in the Cy groups were injected intraperitoneally every other day. During the administration period, the body weights were measured and recorded every 3 days at a fixed time point (9:00 a.m.). All mice were harvested 4 weeks later; the mice were sacrificed by cervical dislocation. The spleen and thymus gland were weighed under aseptic conditions, and the correlation indices were calculated according to following formulas: Spleen weight index=spleen weight/body weight x100; and thymus index=thymus weight/body weight x100.
Body weight and organ index determinations.
Determination of lymphocyte percentages. Blood was collected from the posterior ocular vein following anesthetizing the mice with ether, and the mice were then sacrificed with carbon dioxide (CO 2 ) followed by cervical dislocation. Flow cytometry (BD Biosciences, Franklin Lakes, NJ, USA) was used to determine the total number of lymphocytes and the percentages of NK cells, and Th and killer or cytotoxic T cell (Tc) lymphocytes. BD Multitest CD3/CD8/CD45/CD4 reagent and BD Multitest CD3/CD16+CD56/CD45/CD19 reagent were used for the lymphocyte percentage determinations. Various fluorescein-labeled monoclonal antibodies were added to the whole blood and combined with the corresponding antigens on the leukocytes. The blood was then subjected to hemolysis with 1X BD FACS Lysing Solution (cat. no. 349202; BD Biosciences) for 10 min at room temperature, fixation with 0.1% glutaraldehyde for 15 min at room temperature and washing with PBS, and was then analyzed with a flow cytometer. The percentages of the lymphocyte subsets were obtained. The fluorescein labeling and lymphocyte surface antigen distribution are shown in Table I . According to the differences in the CD molecule expression on lymphocyte membranes, flow cytometry can distinguish lymphocytes and their various subpopulations, and the percentages of lymphocyte subsets can be calculated with computer software. All procedures were performed according to the reagent instructions (BD Biosciences).
Determination of the phagocytic index. Three SPF chickens [8-week-old males reared at 27˚C, 60% humidity and a 9/15 h light/dark cycle (light, 8:00 am-3:00 pm)] were fed six times a day with cold and white boiled water were purchased from the China Experimental Animal Information Network. All procedures were approved by the IACUC of Inner Mongolia Medical University. A blood collection needle (Beijing Haide Venture Biotechnology Co., Ltd.) and EDTA-K2 anticoagulation blood collection tube (Guangzhou Bangbiao Medical Instrument Co., Ltd.) were used for chicken wing vein blood collection. Blood was collected (1 ml) and added to 2 ml sterile saline followed by centrifugation at 1,760 x g for 10 min at room temperature. The supernatant was discarded, and the blood cells were suspended in physiological saline, following which the precipitate was centrifuged in the same manner as above. The red blood cells were washed three times, and the 0.05% chicken red cell suspension was prepared using sterile physiological saline. At 12:00 p.m. on day 27, the mice were injected intraperitoneally with 1 ml of preprepared 0.5% starch solution, and fasted with water overnight. At 6:00 a.m. on day 28, each mouse was injected with 0.05% chicken red blood cells prepared in advance, and the abdomen of the mice was then gently massaged to disperse the chicken red blood cells. The mice were anesthetized at 12:00 p.m. on day 28 and sacrificed with CO 2 asphyxiation, followed by cervical dislocation. The abdominal cavity of the mice was washed with 1 ml of physiological saline, and ~0.5 ml of peritoneal lavage fluid was sampled and stained 1 h at 37˚C with Wright's staining reagent (Beijing Solarbio Science & Technology Co., Ltd., CAS: 68988-92-1, reagent no. G1040). Wright's staining is commonly used for staining blood (mainly white blood cells and red blood cells) and bone marrow smears during biochemical research (26) (27) (28) . The number of phagocytic cells engulfing the chicken erythrocytes and the number of chicken erythrocytes phagocytosed by 100 phagocytic cells were counted under an oil-immersion objective (Olympus Corporation, Tokyo, Japan) and calculated according to following formulas: Percentage of phagocytosis (%)=number of macrophages that engulfed chicken red blood cells/100 phagocytes x100; and phagocytosis index=number of chicken erythrocytes engulfed/100 phagocytes x100.
Determination of lymphocyte proliferation.
A spleen cell suspension was prepared and counted under a microscope (Olympus Corporation), and the cell density was adjusted to 2x10 5 /ml for use. A total of 100 µl of spleen cell suspension was added to each well of a 96-well flat-bottomed culture plate. The final concentration of concanavalin A (ConA; Nanjing Jinyibai Biotechnology Co., Ltd.) was 7.5 µg/µl, and 100 µl of RPMI 1640 medium (Gibco, Thermo Fisher Scientific, Inc.) was added to the control wells. Three repetitions were performed in parallel for the experimental and control wells. The culture plate was placed in a 37˚C, 5% CO 2 incubator and incubated for 66 h. The state of the cells was observed once a day. The plate was removed and 20 µl of CCK-8 (Dojindo Institute of Japan) was added to each well and incubated for a further 2.5 h. Following incubation, the absorbance (A) was measured with a microplate reader (Molecular Devices, LLC) at a wavelength of 450 nm. The splenic lymphocyte proliferation rate and stimulation index were calculated according to the following formulas: Proliferation rate=(A ConA -A RPMI1640 )/A RPMI1640 ; and stimulus index=A ConA /A RPMI1640 .
H&E staining. Excised specimens were fixed with 4% paraformaldehyde (Linyi URB Chemical Co., Ltd.), dehydrated and embedded in paraffin. H&E staining was performed on 4-µm-thick paraffin sections containing a representative, well-preserved splenic tissue sample. The sections were examined under a light microscope at x100 and x400 magnification. The slides of all treatment groups were examined and images were captured.
Determination of the expression of miR-155 in the mouse spleen.
RNA extraction was performed using TRIzol reagent (CWBio Beijing Kangwei Century Biotechnology Co., Ltd.). The reverse transcription primers (Sangon Biotech Co., Ltd., Shanghai, China) were as follows: miR-155, 5'-GCA CTT CAG TGT CGT GGT CAG TGA CGG CAA TTT GAA GTG CAC CCC TAT-3' and U6, 5'-CGC TTC ACG AAT TTG CGT GTC AT-3' . The RT reaction mixture was included in the PrimeScript 1st Strand cDNA Synthesis kit (Thermo Fisher Scientific, Inc.). All procedures followed the manufacturer's instructions. Samples were incubated at 25˚C for 5 min, 42˚C for 60 min, 70˚C for 5 min and then maintained at 4˚C. When the instrument was at 4˚C, the cDNA was removed and stored in a -86˚C freezer. Real-time fluorescence quantitative polymerase chain reaction (qPCR) analysis was used to determine the level of miR-155. The RT-qPCR protocol was as previously described by Ji et al (29) . The sequences of the primers used (Sangon Biotech Co., Ltd., Shanghai, China) were as follows: miR-155 forward: 5'-CAG ACG ACC ATC AGT TAA TGC TAA TTG TGA T-3', miR-155 reverse: 5'-CGT CGT CAC TGA CCA CGA CAC TG-3' , U6 forward: 5'-GCT TCG GCA GCA CAT ATA CTA AAA T-3' and U6 reverse: 5'-CGC TTC ACG AAT TTG CGT GTC AT-3' . Applied Biosystems™ SYBR™ Green mix (Thermo Fisher Scientific, Inc.) was used, and all procedures were performed following the manufacturer's instructions. PCR was performed with the ABI 7500 Real-Time PCR system (Applied Biosystems; Thermo Fisher Scientific, Inc.) The quantification of PCR results was performed using the 2 -ΔΔCq method, as described by Ji et al (29) .
Immunohistochemical detection of the expression of SOCS1 in the mouse spleen. The excised specimens were fixed with 4% paraformaldehyde (Linyi URB Chemical Co., Ltd.) at room temperature for a week, dehydrated (70, 80, 90 and 100% alcohol for 5 min per gradient) and embedded in paraffin. A standard immunohistochemical staining procedure was performed using 4-µm-thick paraffin sections containing a representative, well-preserved splenic tissue sample, as recommended by the primary antibody supplier. Tissues were rehydrated in decreasing concentrations of graded ethanol and double distilled water. Endogenous peroxidase/phosphatase activity was blocked with 3% hydrogen peroxide for 10 min at room temperature. Non-specific expression was blocked with ready-to-use normal goat serum (cat. no. AR0009; Boster Biotechnology Co., Ltd.) at room temperature for 10 min. SOCS1 antigens were retrieved by heating at high pressure in a pressure cooker with 1 mmol/l EDTA (pH 8.0) for 7 min at a temperature of 98˚C at 90 kPa. Sections were incubated with anti-SOCS1 primary antibodies (cat. no. PA5-27239; dilution of 1:500; Invitrogen; Thermo Fisher Scientific, Inc.) at 37˚C for 2 h, rinsed three times (3 min/time) with PBS, and incubated with horseradish peroxidase-conjugated goat anti-rabbit immunoglobulin G secondary antibodies (cat. no. G21234; dilution of 1:1,000; Invitrogen; Thermo Fisher Scientific, Inc.) for 10 min at room temperature. The sections were washed with PBS three times (3 min/time), then incubated with 3,3'-diaminobenzidine for 5 min at room temperature. Tissues were counterstained with hematoxylin for 5 min at room temperature, and dehydrated in increasing concentrations of graded ethanol and xylene. Staining intensity for SOCS1 expression was assessed under an optical microscope. The method of scoring immunohistochemical staining was as described by Zhang et al (30) ; the cell staining density and the staining intensity under an optical microscope at a magnification of x100 were used to establish the semi-quantitative scoring method for the immunohistochemical results. The positive cell density scoring method was as follows: 0, no positive cells; 1, 1-10% positive cells; 2, 10-50% positive cells; 3, 50-80% positive cells; and 4, 80-100% positive cells. The color intensity of the positive cells was scored as follows: 0, negative; 1, light color (light brownish yellow); 2, moderate coloring (brown); and 3, strong staining (dark brownish yellow). The product of the color density and the intensity was used as the final score result.
Determination of the levels of cytokines IL-17A, IL-10 and TGF-β1. The splenic tissue was stored in a -86˚C freezer. The levels of IL-10, IL-17A and TGF-β1 in the splenic tissues were determined using commercial enzyme-linked immunosorbent assay (ELISA) kits (Wuhan Xinqidi Biological Technology Co., Ltd.) according to the manufacturer's protocols. All samples were tested in triplicate.
Statistical analysis. Statistical analysis was performed using SPSS version 23.0 (IBM, Corp.). Each experiment was performed at least in triplicate. One-way analysis of variance was used. Significant differences among the treatment means were determined at a 5% confidence level using Duncan's Multiple Range test. 
Results
Successful establishment of an immunosuppressed mouse model.
Compared with the mice in the Con group, there were no significant differences in body weight among the groups (Fig. 1A) . However, an upward trend was observed when comparing the Cy group with groups treated with Cy and increasing doses of BHP. In addition, the spleen and thymus indices of the Cy group were significantly decreased ( Fig. 1B and C) . The percentage of total lymphocytes, Tc cell percentage, Th cell percentage and phagocytosis index of mice in the Cy group were significantly decreased compared with those of mice in the Con group ( Fig. 2A-D) . The level of phagocytosis by peritoneal macrophages in mice of the Cy group was also significantly lower than that of mice in the Con group (Fig. 3A-C) . Although there was no significant difference in the proliferation of splenic lymphocytes from the mice in vitro, there was a downward trend in the Cy group ( Fig. 4A and B) . Therefore, the immunosuppressed mouse model was considered to be successfully established. The H&E results showed that the splenic tissue samples from the Cy group, the LBHP + Cy group, the MBHP + Cy group and the HBHP + Cy group all exhibited abnormalities to varying degrees (Fig. 5 ). Lymphocytes were sparse, and the splenic structure was ambiguous and irregularly arranged. The number of lymphocytes was decreased, red veins were engorged with small veins, the splenic sinus was marginally expanded, and lymphoid follicles and necrotic cells were visible in the Cy groups compared with the Con group. The Cy group exhibited the most marked changes, which indicated that Cy had a certain damaging effect on the mouse spleen. In summary, establishment of the immunosuppressed mouse model was successful.
BHP improves immunity in normal mice. Compared with those of mice in the Con group, the body weights of mice in the LBHP, MBHP and HBHP groups were increased in a dose-dependent manner, although there were no significant differences. In addition, the spleen and thymus indices of mice in the LBHP, MBHP and HBHP groups were significantly increased ( Fig. 1B and C) . The percentage of total lymphocytes, NK cell percentage, Tc cell percentage and Th cell percentage in the HBHP group were significantly increased compared with those in the Con group ( Fig. 2A-D) . These percentages increased in a dose-dependent manner; however, there were no significant differences between the LBHP group and the MBHP group ( Fig. 2A-D) . Furthermore, the phagocytosis percentage and phagocytic index of macrophages from the mice were significantly increased in the LBHP, MBHP and HBHP groups (Fig. 3A-C) . The proliferation rate and proliferation index of the splenocytes from the mice in the MBHP and HBHP groups were significantly increased in vitro ( Fig. 4A and B) . The H&E staining result shows no obvious changes in morphology among the LBHP, MBHP and HBHP groups (Fig. 5 ). This indicates that HBP can improve immunity in normal mice and does not cause damage to the spleen morphology.
BHP improves immunity in immunosuppressed mice.
Compared with Cy mice, the body weights of mice in the LBHP + Cy group, MBHP + Cy group and HBHP + Cy group increased in a dose-dependent manner, although differences were not significant (Fig. 1A) . However, the spleen and thymus indices of mice in the LBHP + Cy group, MBHP + Cy group and HBHP + Cy group were significantly increased ( Fig. 1B and C) . The percentage of total lymphocytes, NK cell percentage, Tc cell percentage and Th cell percentage in the MBHP + Cy group and HBHP + Cy group were significantly increased compared with those in the Cy ### P<0.0001 vs. Cy group. All data were from two independent experiments, each of which was repeated in parallel twice. BHP, bioactive hepatic peptide; LBHP, low-dose BHP; MBHP, mid-dose BHP; HBHP, high-dose BHP; Cy, cyclophosphamide; Con, control. group ( Fig. 2A-D) . In addition, the percentage of macrophage phagocytosis and phagocytic index of macrophages were increased significantly in mice in the MBHP + Cy group and HBHP + Cy group, and the former was also increased significantly in the LBHP + Cy group (Fig. 3A-C) . The proliferation rate and proliferation index of splenic cells from mice in MBHP + Cy group and HBHP + Cy group were increased significantly in vitro ( Fig. 4A and B) . The H&E staining result showed relatively neatly arranged lymphocytes and relatively intact cell structure in the LBHP + Cy, MBHP + Cy and HBHP + Cy groups compared with the Cy group, but no pathological inflammatory lesions were found, which indicated that BHP can effectively protect against the splenic tissue damage caused by immunosuppressive agents (Fig. 5) .
miR-155/SOCS1 mediates the regulation of immune function in mice induced by BHP.
The relative expression of miR-155 was upregulated in the LBHP, MBHP and HBHP groups but decreased in the Cy group compared with that in the Con group (Fig. 6 ). In addition, the expression of miR-155 was increased in the MBHP + Cy group and the HBHP + Cy group compared with that in the Cy group to a certain degree. The expression of SOCS1 was downregulated in the groups of mice treated with LBHP, MBHP or HBHP but increased in the Cy group compared with that in the Con group (Fig. 7) . In addition, the expression of SOCS1 was decreased in the LBHP + Cy, MBHP + Cy and HBHP + Cy groups compared with that in the Cy group. Therefore, the expression of miR-155/SOCS1 may mediate the regulation of immune function in mice induced by BHP.
TGF-β1 and IL-10, but not IL-17A, are involved in the regulation of immune function in mice induced by BHP.
Following treatment with BHP, the secretion of TGF-β1 in the spleen of the normal mice and immunosuppressed mice was significantly decreased (Fig. 8A) , and the level of IL-10 secretion was significantly increased (Fig. 8B) . No significant difference in the level of IL-17A was observed among the groups (Fig. 8C) . 
Discussion
The immune system, which is mainly composed of immune organs, immune cells and immunologically active substances, is important in immune surveillance, defense and regulation. The spleen is the largest immune organ and the thymus is the main immune organ. Therefore, the spleen index and thymus index are generally used to measure immune function (31) . According to the results of the present study, the spleen index and thymus index of the mice treated with BHP were significantly higher than those of the mice in the normal control group (P<0.01), and there was a correlation between the intensity of the spleen index and the dose of BHP.
T lymphocytes and B lymphocytes are derived from pluripotent stem cells in the bone marrow. The lymphoid stem cells that differentiate from pluripotent stem cells can migrate in the blood, move to the thymus gland and mature within the thymus; therefore, these cells are termed thymus-dependent lymphocytes or T lymphocytes. Bone marrow cells that mature in the bone marrow are known as bone marrow-dependent lymphocytes, which are B lymphocytes (32) . T and B lymphocytes stimulated by an antigen or mitogen in vitro can be converted into larger, metabolically competent, mitotic lymphoblasts (33) . ConA can stimulate the conversion and proliferation of T lymphocytes. The degree of T cell transformation and proliferation can reflect the cellular immune function of the body. A previous study also showed that lipopolysaccharides can stimulate the transformation of B lymphocytes, reflecting humoral immunity in the body (34) . The spleen is the largest peripheral lymphoid organ in the body and is the site where T and B lymphocytes reside. T lymphocytes account for ~35% of the splenocyte population, and B lymphocytes account for ~55%. Therefore, the level of lymphocyte activity in the spleen represents its immune function ability (35) . In the present study, ConA was used as a stimulus for the transformation and proliferation of splenic T lymphocytes in each experimental mouse. The stimulation index and proliferation rate of the lymphocytes in the splenic tissues of each experimental group were measured using a microplate reader. The results showed that the in vitro proliferation rate and proliferation index of the splenocytes from mice in the HBHP group were increased significantly compared with those from mice in the Con group (P<0.0001), and similar results in the immunosuppressed BHP treatment group indicated that BHP effectively promoted the transformation ability of splenic lymphocytes. These results indicate that BHP can enhance splenic lymphocyte proliferation in normal mice and immunosuppressed mice and are consistent with the findings of Yu et al (36) . T cells are the main lymphocytes and have a variety of biological functions. T cells can be divided into three subgroups, adjuvant or induced T cells (Th), Tc and suppressor T cells (37) . Th cells are CD4 + T lymphocytes, which express CD4 on the cell surface. These cells are activated by recognizing polypeptide antigens presented by major histocompatibility complex (MHC)II. MHCII is expressed on the surface of antigen-presenting cells (APCs). Cytokines can be secreted by APCs and are secreted by T cells following activation. Lymphokines promote the differentiation of B cells into effector B cells, thereby modulating or assisting the immune response (38) . Tc cells are CD8 + T lymphocytes that express CD8 on the cell surface; CD8 can bind directly to an antigen through MHCI, leading to the release of perforin. The killing of target cells by factors including perforin and granzymes, and the initiation of target cell apoptosis also explain why these cells are referred to as cytotoxic cells (39) . In the present study, the percentage of Th lymphocytes and the percentage of Tc lymphocytes were determined. The results showed that the percentage of Th lymphocytes in the HBHP group was significantly increased compared with that in the Con group (P<0.0001). The percentages of Tc lymphocytes in the LBHP group and the MBHP group were increased compared with that in the control group, although the difference was not significant. The percentage of Tc lymphocytes in the HBHP group was increased significantly (P<0.01). The percentages of Th lymphocytes in the LBHP + Cy group (P<0.01), the MBHP + Cy group and the HBHP + Cy group (P<0.0001) were significantly increased compared with that in the Cy group, and these increases were correlated with the BHP dose. These findings indicate that BHP can increase the numbers of Th lymphocytes and Tc cells in normal mice and immunosuppressed mice to a certain extent. These findings are similar to the results of previous studies (40) (41) (42) . NK cells are known as natural killer cells due to their killing activity, which is not MHC restricted and is independent of antibodies. Although it is generally considered that NK cells are derived from the bone marrow, there is currently no definite evidence to explain their source. NK cells are mainly distributed in the peripheral blood, therefore, venous blood from the mouse eye was used in the present study. NK cells can nonspecifically recognize target cells and exert their killing effect through perforin, NK cytotoxic factor and TNF (43) . When NK cells are activated, they can secrete various cytokines, thereby contributing to physiological functions, including antiviral infection responses, immune surveillance and the killing of mutant tumor cells (44) . NK cells are granular lymphocytes and important immune cells. Therefore, the number of NK cells is an important indicator of immune function. In the present study, mouse immune cells were evaluated by measuring the percentage of mouse NK cells. The results showed that, compared with that in the Con group, the percentage of NK cells in the HBHP group was significantly increased (P<0.0001) and the percentages in the mice treated with MBHP + Cy or HBHP + Cy were significantly increased (P<0.0001) compared with that in mice in the immunosuppressed model group. The increase was correlated with the BHP dose. These results show that BHP can increase the number of NK cells in normal and immunosuppressed mice.
The types of immunity comprise mainly nonspecific immunity and specific immunity, and the latter is divided into cellular immunity and humoral immunity. Nonspecific immunity, also known as innate immunity, refers to the natural ability of the body to establish protection and includes the barrier function of the mucosal system and the phagocytosis of foreign bodies by phagocytic cells. Innate immunity is the basis of adaptive immunity, and immune substances produced by adaptive immune system components can enhance the role of the innate immune system (45) . Macrophages, which are nonspecific immune cells derived from the proliferation and differentiation of leukocytes, are the most important phagocytes in the immune system. They are responsible for phagocytosing, processing and treating antigenic substances, transmitting antigens to lymphocytes and stimulating lymphocytes to produce antibodies or lymphokines to enhance the ability to kill target cells. In turn, the production of antibodies and lymphokines also enhances macrophage chemotaxis, activation and phagocytosis (46) . Therefore, the phagocytic ability of macrophages is directly related to the strength of immune function. In the present study, macrophage phagocytosis was evaluated by measuring the phagocytic index and the percentage of phagocytosis in each experimental group of mice to evaluate changes in immune function. The results showed that the percentage of phagocytosing macrophages and the phagocytic index in the LBHP, MBHP and HBHP groups were significantly increased compared with those in the control group (P<0.0001). Additionally, the percentage of phagocytosing macrophages and the phagocytic index of mice in the LBHP + Cy, MBHP + Cy and HBHP + Cy groups were significantly increased compared with those of the mice in the immunosuppressed model group, and the intensity of these effects was correlated with the BHP dose (P<0.0001), indicating that BHP can increase the phagocytic ability of macrophages in normal mice and immunosuppressed mice. These findings are similar to those of Yu et al (36) .
Additionally, Cy is a member of the class of alkylating agents widely used for the treatment of cancer. It mainly exerts its killing mechanism by interfering with DNA and RNA synthesis in cells. As with most chemotherapeutics, it kills tumor cells and a certain proportion of normal cells. This killing effect, particularly in the thymus, spleen and other immune organs, is potent and can reduce lymphocyte antibody production, resulting in low immune function (47) . To assess this feature in the present study, mice were treated with an intraperitoneal injection of 40 mg/kg Cy every other day, which led to varying degrees of weight loss. The immune organ indices also decreased to a certain extent, and the percentage of lymphocytes was relatively low in the Cy group compared with that in the normal control group. These results are consistent with those in the literature, indicating the modeling was successful (48). # P<0.01 vs. Cy group, ### P<0.0001 vs. Cy group. All data were from two independent experiments, each of which was repeated in parallel twice. BHP, bioactive hepatic peptide; LBHP, low-dose BHP; MBHP, mid-dose BHP; HBHP, high-dose BHP; Cy, cyclophosphamide; miR/miRNA, microRNA. Figure 5 . Hematoxylin-eosin staining of the mouse spleen. Images were captured at x100 magnification with a light microscope. The spleen of the mice in the Cy group, LBHP + Cy group, MBHP + Cy group and HBHP + Cy group all exhibited abnormalities to varying degrees compared with that in the Con group. The lymphocyte arrangement was sparse, and the structure was ambiguous and irregularly arranged. The number of lymphocytes was decreased, red veins were engorged with small veins, the splenic sinus was marginally expanded, and lymphoid follicles and necrotic cells were visible. The Cy group exhibited the most marked changes. No substantial changes were found among the LBHP group, MBHP group and HBHP group. The LBHP + Cy group, MBHP + Cy group and HBHP + Cy group had relatively neatly arranged lymphocytes and relatively clear cell structure. All data were from two independent experiments, each of which was repeated in parallel twice. BHP, bioactive hepatic peptide; LBHP, low-dose BHP; MBHP, mid-dose BHP; HBHP, high-dose BHP; Cy, cyclophosphamide.
The results of the present study also showed that the expression of miR-155 was significantly upregulated in the MBHP and HBHP groups compared with that in the Con group (P<0.0001). The expression of miR-155 was also significantly higher in the LBHP group (P<0.01), LBHP + Cy group (P<0.001), MBHP + Cy group and Finally, TGF-β1 is mainly secreted by activated T and B lymphocytes and macrophages, and is mainly produced by lymphocytes. TGF-β1 is involved not only in the development of the thymus but also in the maturation of T cells (53) . TGF-β1 is a multifunctional cytokine that affects a variety of biological processes, including inflammation, cell differentiation and immune responses (54) . IL-10 is primarily derived from monocytes, macrophages and Th cells. In addition, dendritic cells (DCs), B cells, mast cells, Tc cells, NK cells, eosinophils and neutrophils secrete IL-10 (55). IL-10 has a dual role in regulating the immune system, as it can promote B cell proliferation, differentiation and antibody production but can also inhibit inflammation (56, 57) . Activated Th17 cells can secrete IL-17A, which is an inflammatory factor that promotes inflammatory responses. In the present study, the secretion of IL-10 in the mouse spleen was significantly increased following BHP treatment in the normal mice and the immunosuppressed mice, and this finding indicates that IL-10 mediates the BHP-induced regulation of immune function in mice. IL-10 has a positive role in regulating immune function in mice. However, the majority of studies have focused on the negative regulatory role of IL-10, and even consider it and TGF-β1 to be immunosuppressive factors secreted by Treg cells (58) . The results of the present study showed that the levels of TGF-β1 in the spleen of normal and immunosuppressed mice were significantly decreased following BHP treatment, indicating that TGF-β1 mediates the BHP-induced regulation of immune function in mice. In addition, TGF-β1 has a negative regulatory role in the immune function of mice. The results of the present study are similar to those reported previously (59) . IL-17A is a recognized inflammatory factor, and there was no significance difference in IL-17A levels among the groups. Therefore, it was possible to conclude that the establishment of the immunosuppressed model with Cy did not cause splenic inflammation in mice, and this finding is consistent with the H&E staining results. In addition, if BHP mediates the maintenance of the Treg/Th17 balance, IL-10 and TGF-β1 would act as immunosuppressive factors simultaneously, however, the results of the present study overturn this conjecture. In addition, others have shown that miR-155 can downregulate the level of TGF-β1 (60) . The results of the present study appear to show similar trends, although further experiments are required to verify these findings. Therefore, BHP regulates the immune function in mice but not by improving inflammation. BHP has a regulatory role in the immune system of mice by upregulating the expression of immune-stimulating factors (including IL-10) or downregulating the expression of certain immunosuppressive factors (including TGF-β1) and ultimately achieves the effect of improving immune function.
However, there are certain limitations to the present study, including insufficient fresh blood samples for Treg/Th17 cell ratio determination and insufficient tissue specimens for further experiments, including western blot analysis. In addition, the BHP used in the present study was only compared with the traditional immunosuppressive drug (Cy), whereas the classic immune protection drug Transfer Factor Oral Solution (Jinhua, Xi'an, China) was used in our subsequent experiments (unpublished data). The present study was performed in normal mice and immunosuppressive model mice; further experiments are required on the immunosuppressive mouse model based on the tumor mouse model, and related tumor cell lines require verification. The regulatory mechanism of BHP on immune function also requires further investigation.
In conclusion, data from in vivo and in vitro experiments in the present study show that BHP can significantly improve immune function in healthy and immunosuppressed mice, suggesting that the development of BHP into a healthcare product suitable for healthy individuals or chemotherapy-treated cancer patients has an optimistic future. However, further large-sample basic research and preclinical validation studies are required. In addition, the relative expression of SOCS1/miR-155 and the secreted levels of TGF-β1 and IL-10 are regulated by BHP, which means that BHP has the potential to improve immunity as a health supplement. A limitation of this study is that it discusses BHP preliminarily at the molecular level. The next step is to investigate whether the intestinal flora affects the BHP-mediated regulation of immune function.
